Introduction
============

People extract a wealth of socially relevant information from a single face, such as identity, emotional expression (reviewed in [@B2]; [@B3]), gender (e.g., [@B20]), and even personality traits, such as trustworthiness (e.g., [@B19]). Holistic processing---the tendency to process faces as wholes rather than collections of features---is involved in each of these types of judgments (identity: reviewed in [@B27]; emotional expression: [@B4]; [@B37]; gender: [@B50]; trustworthiness: [@B39]), suggesting that holistic processing plays a critical role in face perception.

A variety of tasks have been used to measure holistic processing (cf. [@B29]), but the composite task ([@B47]; [@B10]; [@B9]) is arguably the most common ([@B27]). In the composite task, participants are asked to judge whether one half (e.g., top) of two sequentially presented composite faces are the same or different while ignoring the other task-irrelevant half (e.g., bottom). Holistic processing is inferred from a congruency effect: performance is better on congruent trials (both target and irrelevant parts are the same or both are different) than incongruent trials (one part same, the other part different)--participants cannot ignore the task-irrelevant part because faces are processed as wholes.

After decades of research on face recognition, researchers have begun to turn to the study of individual differences in this area (reviewed in [@B48]). However, because face recognition research has a history rooted in group studies, the measures that are common in the literature for assessing different constructs relevant to face recognition and perception may not be suited for measurement of individual differences. To be useful for individual differences research, a measure has to demonstrate good internal consistency (correlation across different test items or trials), and if the concept is thought to be stable, it should also demonstrate test--retest reliability. The composite task is highly sensitive in group studies (13 subjects needed for 95% power, *p* = 0.05, [@B27]), but this same measure has very low internal consistency (∼0.2; [@B7]; [@B30]). Indeed, the power of standard statistical tests is not necessarily related to the reliability of a dependent variable ([@B17]). Critically, if a measure has little systematic variance, it is unreasonable to expect it to share variance with other measures, and any observed correlations are difficult to interpret. Although "disattenuated" correlations (what the correlation would be if reliability was perfect, [@B18]), can be computed, disattenuated estimates can overcorrect and be imprecise (i.e., have large confidence intervals, [@B43]).

We developed the Vanderbilt Holistic Face Processing Test (VHPT-F; [@B24]), the first test of holistic face processing designed specifically for use in individual differences research. The VHPT-F is modeled after the composite task: subjects are instructed to selectively attend to part of a face and holistic processing is indexed by an inability to do so. However, unlike the composite task where a single test face is presented that requires a same-different response, in the VHPT-F three faces are presented at test, and participants must select the face that contains the target part. In addition to using a three-alternative forced choice design that reduces guessing and increases scale range, our main strategy to improve reliability was to target a broader range of holistic ability across trials. In the composite task, like most cognitive measures, all trials target roughly the same level of difficulty, usually chosen to avoid floor and ceiling performance. The result is an effect that only discriminates among subjects whose ability is within a narrow (typically average) range. Therefore, in the VHPT-F we added variability in the extent to which different trials would best discriminate various levels of the holistic ability continuum by varying the size of the target part relative to the whole face. Trials where the target part is a very small part of the face (e.g., eyes only) should be processed holistically by most subjects except those with the least holistic tendencies (e.g., those who are best able to selectively attend to face parts), while trials where the target part is a very large part of the face (e.g., top 2/3) should not be processed holistically except by those with the most holistic tendencies (e.g., those who are the least able to selectively attend to face parts). Group-level data confirmed that this manipulation had the intended effect: holistic effects were largest when face parts were small and selective attention was more difficult, and smallest when face parts were large and selective attention was easier ([@B24]).

The VHPT-F has higher internal consistency (0.56) than the composite task, and measures a stable trait (test--retest reliability of 0.49, *r*~disattenuated~ = 0.94, after a 6 month delay). The VHPT-F produces very large average effect size for holistic processing ($\eta_{p}^{2}$ = 0.75) and is normally distributed in a normal adult population ([@B24]). While this previous work demonstrates that the VHPT-F has good psychometric properties, it is important to verify that it measures the expected construct, beyond the most basic face validity. In fields where psychologists study individual differences, measurement validation studies are commonplace, but this is not yet standard practice in cognitive and perceptual areas. The concurrent validity of a scale like the VHPT-F can be established by comparing it to the more standard composite task, which has been used in an extensive literature on holistic face processing (reviewed in [@B27]).

While these two tasks are similar in many ways, including the same operationalization of holistic processing as a failure of selective attention, they may not necessarily correlate. For example, the VHPT-F measures selective attention for a much broader range of parts than the standard composite task. Some argue that top and bottom trials should not be combined in the composite task because the effect is larger for top than bottom judgments ([@B31]), but the correlation of holistic processing across different parts has not been reported before. Finally, the VHPT-F and composite task differ in response format (three-alternative forced choice on identity versus same-different judgment), which may change the strategy participants adopt.

In Experiment 1, we tested the validity of the VHPT-F by having participants complete the VHPT-F and composite task. There were two composite task blocks, one where the top face half was the target, and one where the bottom face half was the target. The correlation between top and bottom composite task trials sets a reasonable upper limit for the correlation, we could expect across different tasks, as this is a correlation for the same task and the same faces; only the attended half differs. Note that even if the magnitude of holistic processing differs for different attended parts (cf. [@B31]), this would not influence whether or not holistic processing correlates across them. Participants also completed the Vanderbilt Expertise Test for cars (VET-car; [@B15]) to test if holistic processing of faces is related to expertise with another category. For instance, it may be that those who are the most holistic apply a similar strategy to other object categories, resulting in better performance. This analysis was exploratory, and is only minimally reported here.

Experiment 1
============

Method
------

### Participants

All participants were recruited in accordance with approval of Vanderbilt University Institutional Review Board. Out of a pool of 1000 participants who performed the VET-car on Amazon Mechanical Turk (see [@B11]), we sent 384 invitations to male participants^[1](#fn01){ref-type="fn"}^stating they were eligible for new tasks and would receive a bonus if they completed them all. These tasks included the composite task with top judgments (completed by 195 participants), the composite task with bottom judgments (completed by 181 participants), the VET-bird (completed by 180 participants, but these data were not analyzed because several trials were repeated by mistake), and the VHPT-F (completed by 174 participants).

In total 166 subjects completed all tasks. We discarded data from 30 participants: 20 participants failed to follow instructions on the VHPT-F and did not view the study face for the entire 2 s on more than 25 trials; 8 participants failed 2/3 easy VHPT-F practice trials; 1 participant was an extreme univariate outlier on the VHPT-F (7 SD above the mean); finally, we screened for multivariate outliers in the correlation between holistic processing for top and bottom judgments in the composite task, and 1 participant had an externally studentized residual greater than 3. Therefore, data from 136 participants (mean age = 34 years, 107 Caucasian, 14 Asian, 7 African American, 6 Hispanic/Latino, 1 Pacific Islander, 1 race not disclosed) are included in the analyses.

### VET-Car

The Vanderbilt Expertise Test was created as a battery of domain-specific tests to measure object recognition ability in different domains ([@B15]). We used the car subtest, as used in [@B41]. Subjects studied images of six cars without labels for as long as they chose. Subjects then selected the car that corresponded to one of the six studied targets in 48 3-alternative forced choice trials (target image and two foils). In the first 12 trials, the studied image of one target appeared with two foils, and feedback was provided (correct/incorrect). The last 36 trials used targets that were different examples of the same studied cars, presented without feedback.

### Vanderbilt Holistic Face Processing Test (Version 2.0)

On each trial (see **Figure [1A](#F1){ref-type="fig"}**), a study composite face was shown for 2 s followed by a test display with three composite faces. Participants were instructed to select the composite face containing the target part with the same identity (but different image) as the target part in the study composite, while ignoring the rest of the face. The target part was outlined in red at study and test. The correct target part was paired with either the same distractor parts (congruent trials) or different distractor parts (incongruent trial) relative to study (see **Figure [1A](#F1){ref-type="fig"}**). There were nine blocks of 20 trials, each with a different target part (top 2/3, bottom 2/3, top half, bottom half, top 1/3, bottom 1/3, eyes, mouth, nose), for a total of 180 trials^[2](#fn02){ref-type="fn"}^. On 116 trials, face composites were created from grayscale male and female faces obtained from the internet. The faces used to create composites on a given trial were either all male or all female. On the remaining 64 trials, face composites were created from grayscale computer-generated faces. Both real and computer-generated trials were used to increase variability in trial types, which benefits reliability. Holistic processing scores are calculated using accuracy for congruent trials minus that for incongruent trials.

![**(A)** Example VHPT-F trials where the top face half is the target. The correct response is the face on the left. On congruent trials, the target part is paired with the distractor as during study. On incongruent trials, the target part is paired with a new distractor part, and the distractor part from the study face is paired with a foil (the task-irrelevant part of the study face is outlined in blue here for illustrative purposes only). **(B)** Example composite task trials. In these examples, the bottom is the target part and the correct response is "same." On congruent trials, the target and distractor face halves are associated with the same response ("same" in this example). On incongruent trials, the face halves are associated with different responses (in this example, the bottom half is "same" but the top half is "different").](fpsyg-07-01837-g001){#F1}

### Composite Task

Because previous work found that the composite task was most reliable when a small set of stimuli (five tops and five bottoms) were used to create composites ([@B30]), composite task stimuli were created from the top half of five Caucasian male faces and the bottom halves of five other Caucasian males from the CVL Face Database^[3](#fn03){ref-type="fn"}^ ([@B21]; [@B36]) presented from a three-quarter view (135^°^ rotation^[4](#fn04){ref-type="fn"}^). The five face tops and bottoms were randomly combined to create composites (169 × 175 pixels). A white line four pixels thick separated face halves so it was unambiguous where the top half ended and the bottom half began.

Each composite task (top and bottom judgments) included 80 trials (see **Figure [1B](#F1){ref-type="fig"}**). The study and test composite faces were shown for 200 ms in the first 40 trials, and 100 ms in the second 40 trials. Presentation time was reduced in the second half of trials to add variability in trial difficulty, which is beneficial for test reliability. Otherwise, the trials were identical, with a mask for 500 ms (and a test image for 200 ms). Participants indicated if the target half (top or bottom) of the test composite was the same or different by clicking on the appropriate response option displayed on the screen. Each block of 40 trials included 10 trials for each combination of response (same/different) and congruency (congruent/incongruent).

Results
-------

Mean performance in the VHPT-F and composite task are shown in **Figure [2](#F2){ref-type="fig"}**. A repeated measures ANOVA on VHPT-F accuracy with congruency (congruent/incongruent) as a factor revealed significant holistic processing (better performance on congruent vs. incongruent trials; *F*~1,135~ = 423.36, *MSE* = 33.82, *p* \< 0.001, $\eta_{p}^{2}$ = 0.76). A 2 (congruency: congruent/incongruent) × 2 (target part: top/bottom) repeated measures ANOVA on d' in the composite task also revealed significant holistic processing (better performance on congruent vs. incongruent trials; *F*~1,135~ = 151.81, *MSE* = 0.24, *p* \< 0.001, $\eta_{p}^{2}$ = 0.53), and the magnitude of holistic processing did not differ between top ($\eta_{p}^{2}$ = 0.44) and bottom ($\eta_{p}^{2}$ = 0.38) target parts (*F*~1,135~ = 2.67, *MSE* = 0.15, *p* = 0.10, $\eta_{p}^{2}$ = 0.02).

![**Mean performance for congruent and incongruent trials in the** **(A)** VHPT-F and **(B)** composite task. Error bars show 95% confidence intervals for within-subject effects ([@B12]).](fpsyg-07-01837-g002){#F2}

Reliability for all tasks is shown in **Table [1](#T1){ref-type="table"}**. The correlation between the congruency effects (d' for congruent -- d' for incongruent) across top and bottom composite task trials was *r*~134~ = 0.24. This value approaches the reliability of each congruency effect individually (see **Table [1](#T1){ref-type="table"}**), which suggests a considerable amount of shared variance when the correlation is disattenuated (*r*~disattenuated~ = 0.73, *p* \< 0.01). The correlation between holistic processing in the composite task and VHPT-F was *r*~134~ = 0.27 (*r*~disattenuated~ = 0.57, *p* \< 0.01). These correlations were similar when only Caucasian subjects (*n* = 107) were included (top and bottom composite task trials: *r*~105~ = 0.27; composite task and VHPT-F: *r*~105~ = 0.26). Holistic processing in the VHPT-F was equally correlated with holistic processing in top and bottom composite task trials (top: *r*~134~ = 0.21, *r*~disattenuated~ = 0.49, *p* \< 0.05; bottom: *r*~134~ = 0.21, *r*~disattenuated~ = 0.60, *p* \< 0.05)^[5](#fn05){ref-type="fn"}^. There was no evidence for any relationship between car expertise measured by the VET-car and holistic processing in any task (all *rs* \< 0.06, *r*~disattenuated~ \< 0.1).

###### 

Reliability for the composite task and VHPT-F (Guttman's λ2) and the VET-car (Cronbach's α) in Experiment 1.

  Task             All trials   Top trials   Bottom trials
  ---------------- ------------ ------------ ---------------
  Composite task   0.48         0.40         0.27
  VHPT-F           0.47                      
  VET-car          0.88                      
                                             

Discussion
----------

The composite task that is frequently used to measure holistic processing in group studies often has low internal consistency (∼0.2; [@B7]; [@B30]), which limits its utility for the study of individual differences. However, given the central role of holistic processing measured in the composite task in the literature (reviewed in [@B27]), it is important to confirm that a new holistic processing measure (VHPT-F; [@B24]) taps into the same construct.

Reliability is not a property of tasks but of measurements ([@B38]), and the reliability of the VHPT-F measurements in the present sample is somewhat lower than what was obtained in prior work ([@B24]), although it is still higher than the typical reliability of measurements in the standard composite task ([@B30]). Serendipitously, the reliability of our VHPT-F scores was matched in the present work by the reliability of those in the standard composite task. This is likely because, we implemented a version of the composite task with a small number of face halves, based on prior evidence that using fewer faces in the composite task increases reliability ([@B30]). Note, however, that for the purpose of correlating holistic processing with other tasks, stimulus repetition may be problematic (see [@B25]). Stimulus repetition has been shown to influence experimental measures in several domains (e.g., [@B13]; [@B8]), and it can introduce spurious contributions in the measure, such as the ability to learn from repeated presentations and sensitivity to proactive interference ([@B40]). Most importantly, stimulus repetition could introduce spurious correlations between the composite task where stimuli repeat and other tasks that also include stimulus repetition. Here, this did not seem to be the case across domains with the VET-car, which repeats cars, and it could not have inflated the correlation with the VHPT-F, because this task does not repeat stimuli. However, it could have inflated the correlation between top and bottom half judgments. Indeed, contributions from stimulus repetition may explain some of the non-shared variance between the composite task, where stimuli were repeated, and the VHPT-F, where stimuli did not repeat.

Despite the differences in format, holistic processing measured in the VHPT-F was significantly correlated with holistic processing measured in the composite task, with the disattenuated correlation suggesting approximately 40% shared variance. Observing a correlation between the composite task and VHPT-F may seem obvious in retrospect, because there are many similarities between the tasks (e.g., instructions to selectively attend to parts of composite faces). However, the tasks differ in many important ways, such that if, we had not found a correlation, we could have pointed to several factors as explanation. For example, differences in task format (e.g., three-alternative forced choice vs. same-different judgment) could have led to very different task strategies. Moreover congruency effects do not consistently correlate across various versions of the Stroop task ([@B34]; [@B42]; [@B35]; [@B46]) -- if they did, we would not be surprised because they are different versions of the same task, but had this not been tested, we would not know that in fact they often do not.

Importantly, the correlation between holistic processing in the VHPT-F and composite task was similar to the correlation between holistic processing on top and bottom composite task trials, that is, a correlation between holistic processing measured with the same faces, in the same task^[6](#fn06){ref-type="fn"}^. This suggests that holistic processing measured in the VHPT-F and composite task is correlated to the extent that holistic processing correlates within the composite task itself, across top and bottom judgments. While some have proposed that holistic processing should only be measured with top part judgments to maximize the size of the effect ([@B31]), our results reveal a relatively strong but not perfect relationship between holistic processing for different parts. The shared variance is large, but the correlation is far from perfect even for the same exact faces, which underlines the importance of measuring holistic processing with several face parts (as in the VHPT-F). This is because to the extent that one wishes to adequately capture individual differences in the application of "holistic face processing" on a single measure, the content validity of the test will depend on sampling the entire domain over which it applies ([@B6]; [@B1]).

Experiment 2
============

Because, we wanted to include an exploratory analysis of the relationship between performance with cars and holistic face processing, and prior work showed that car and face processing were differentially related in men and women ([@B15]), we only recruited male participants in Experiment 1; this limits our conclusions about task validity. In addition, in Experiment 1 faces were presented in a three-quarter view in the composite task, but in frontal views in the VHPT-F, which may have limited correlations between them. Thus, the first goal of Experiment 2 was to replicate Experiment 1 with both men and women and with a frontal-view composite task.

In addition, the VHPT-F is based on the congruency measure of holistic processing. However, a large literature has used an alternative measure of holistic processing in the composite task, the alignment effect (see [@B31] for a review). According to this measure, holistic processing is reflected by higher accuracy on same-incongruent misaligned versus aligned trials: the different task-irrelevant half makes it more difficult to identify the target half as "same," but this effect is reduced when the face configuration is disrupted by misalignment. This measure of holistic processing has been criticized for tracking response biases unrelated to holistic processing (see [@B26], [@B27] for reviews). Consistent with this view, the meta-analytic effect sizes for the alignment effect and congruency effect measures of holistic processing were not significantly correlated across 27 studies (*r*~25~ = 0.27, *p* = 0.18), suggesting that they are not in fact measuring the same thing. However, a more optimal comparison would be to test the correlation between measures of holistic processing across participants. Thus, in Experiment 2, we included misaligned trials in the composite task so, we could assess the correlation between two different holistic processing measures in the composite task that have been widely used in group studies.

Methods
-------

### Participants

Two hundred participants who completed the VHPT-F on Amazon Mechanical Turk in exchange for \$1.75 were invited to complete the composite task for an additional \$2. A total of 121 participants completed both tasks. Data from one participant were discarded for failing to follow instructions on the VHPT-F, and data from an additional five subjects were discarded for below chance performance in at least one condition in the composite task. Therefore, data from 115 participants (mean age = 37.6 years, 86 Caucasian, 6 Asian, 15 African American, 5 Hispanic/Latino, 3 race not disclosed) are included in the analyses.

### Vanderbilt Holistic Face Processing Test (Version 2.1)

The VHPT-F 2.1 was used in Experiment 2. This version is identical to version 2.0 used in Experiment 1, except trials that were programmed incorrectly were fixed. In addition, based on item analyses of data from 525 subjects, 16 trials that were not correlated with overall condition scores (e.g., congruent trials that were negatively correlated with overall performance on congruent trials) were replaced or modified.

### Composite Task

The composite task was identical to Experiment 1, with the following exceptions. Stimuli were the top halves of five female faces and the bottom halves of five different male faces from the Max Planck Institute database that were converted to grayscale.

On misaligned trials, the study face was aligned, and the top and bottom face halves of the test face were offset such that the edge of one half fell in the center of the other half. The target part was always the top face half. Because the alignment effect measure of holistic processing is calculated based on data from only a quarter of the total trials, we included more trials in Experiment 2 to increase the reliability of this measure. There were 40 trials for each combination congruent/incongruent, aligned/misaligned, and same/different for a total of 320 trials.

Results
-------

Mean performance for all holistic processing measures is shown in **Figure [3](#F3){ref-type="fig"}**. A repeated measures ANOVA on VHPT-F accuracy with congruency (congruent/incongruent) as a factor revealed significant holistic processing (better performance on congruent vs. incongruent trials; *F*~1,114~ = 495.59, *MSE* = 48.72, *p* \< 0.001, $\eta_{p}^{2}$ = 0.81). A 2 (congruency: congruent/incongruent) × 2 (alignment: aligned/misaligned) repeated measures ANOVA on d' in the composite task also revealed significant holistic processing: performance was better on congruent versus incongruent trials (*F*~1,114~ = 110.19, *MSE* = 0.16, *p* \< 0.001, $\eta_{p}^{2}$ = 0.49) and this congruency effect was significantly larger on aligned versus misaligned trials (*F*~1,114~ = 75.57, *MSE* = 0.08, *p* \< 0.001, $\eta_{p}^{2}$ = 0.40). There was also a significant main effect of alignment (*F*~1,114~ = 76.16, *MSE* = 0.10, *p* \< 0.001, $\eta_{p}^{2}$ = 0.40).

![**Mean performance for all holistic processing measures.** **(A)** Accuracy on congruent and incongruent trials in the VHPT-F. **(B)** Sensitivity (d') as a function of congruency and alignment in the composite task. **(C)** Accuracy for same-incongruent aligned and misaligned trials in the composite task. Error bars show 95% confidence intervals for within-subject effects ([@B12]).](fpsyg-07-01837-g003){#F3}

Finally, although a repeated-measures ANOVA on accuracy on same-incongruent trials revealed a significant effect of alignment (*F*~1,114~ = 16.25, *MSE* = 119.64, *p* \< 0.001, $\eta_{p}^{2}$ = 0.13), this effect is in the opposite direction than theoretically predicted, with better performance on aligned than misaligned trials. In other words, the alignment effect measure did not show evidence of holistic processing at the group level.

Reliability for all measures is shown in **Table [2](#T2){ref-type="table"}**. The alignment effect and congruency effect^[7](#fn07){ref-type="fn"}^ measures of holistic processing were significantly correlated (*r*~113~ = 0.46, *r*~disattenuated~ = 0.71, *p* \< 0.001). Surprisingly, however, neither composite task measure of holistic processing was significantly correlated with the VHPT-F (congruency effect: *r*~113~ = 0.16, *r*~disattenuated~ = 0.26, *p* = 0.10; alignment effect: *r*~113~ = 0.15, *r*~disattenuated~ = 0.27, *p* \< 0.10).

###### 

Reliability for both composite task measures of holistic processing and the VHPT-F (Guttman's λ2) in Experiment 2.

  Task             Measure             
  ---------------- ------------------- ------
  Composite task                       
                   Congruency effect   0.59
                   Alignment effect    0.71
  VHPT-F                               0.60
                                       

Given that one of the goals of Experiment 2 was to recruit a more diverse sample than Experiment 1, we tested whether differences in demographic variables between samples could explain the failure to replicate correlations between the composite task and VHPT-F measures of holistic processing.

In Experiment 1, we only tested male participants. When, we restricted our analyses in Experiment 2 to only male participants (*n* = 47), we found significant correlations between holistic processing in the VHPT-F and both composite task measures that were comparable in magnitude to the correlations in Experiment 1 (congruency effect: *r*~45~ = 0.29, *r*~disattenuated~ = 0.49^[8](#fn08){ref-type="fn"}^, *p* \< 0.05; alignment effect: *r*~45~ = 0.35, *r*~disattenuated~ = 0.49, *p* \< 0.05). These correlations were not significant for female participants (*n* = 68; congruency effect: *r*~66~ = 0.05, *r*~disattenuated~ = 0.08, *p* = 0.68; alignment effect: *r*~66~ = 0.05, *r*~disattenuated~ = 0.08, *p* = 0.68). However, differences between correlations in male and female participants were not significant (*zs* \< 1.6, *ps* \> 0.10). The congruency effect and alignment effect in the composite task were significantly correlated in both male (*r*~45~ = 0.54, *r*~disattenuated~ = 0.83, *p* \< 0.001) and female (*r*~65~ = 0.43, *r*~disattenuated~ = 0.66, *p* \< 0.001) participants.

We also found significant differences in the age distribution between Experiment 1 and Experiment 2 (*t*~239~ = 2.80, *p* \< 0.01), with more older participants in Experiment 2. As can be seen in **Table [3](#T3){ref-type="table"}**, age was only significantly correlated with the VHPT-F holistic processing measure. Notably, this effect was not present in Experiment 1 (*r*~134~ = 0.10, *p* = 0.27), and is larger than in a previous study (*r*~219~ = 0.19, [@B24]). Examination of scatterplots for correlations between age and VHPT-F performance (**Figure [4](#F4){ref-type="fig"}**) suggest a severe restriction in range for congruent trials in participants older than 45. When, we restricted our analyses to participants 45 years old or younger (*n* = 87), we found a significant correlation between the congruency effect measure of holistic processing in the composite task and the VHPT-F that is comparable in magnitude to that observed in Experiment 1 (*r*~85~ = 0.26, *r*~disattenuated~ = 0.44, *p* = 0.02). In this restricted sample, the correlation between the congruency effect and alignment effect measures was *r*~85~ = 0.48 (*r*~disattenuated~ = 0.74, *p* \< 0.001), and the correlation between the alignment effect measure and the VHPT-F was not significant (*r*~85~ = 0.14, *r*~disattenuated~ = 0.22, *p* = 0.2). Mean-level effects for all subsamples (male, female, 45 years, or younger) were qualitatively the same and quantitatively very similar as for the full sample (see **Table [4](#T4){ref-type="table"}**).

###### 

Correlations between holistic processing measures and age.

  Task                Age
  ------------------- ---------
  VHPT-F              0.34^∗^
  Congruency effect   -0.04
  Alignment effect    -0.13
                      

Significant correlations (

p

\< 0.05) indicated by asterisks.

![**Correlation between age (years) and accuracy on congruent **(Left)** and incongruent **(Right)** VHPT-F trials**.](fpsyg-07-01837-g004){#F4}

###### 

Mean performance and effect size ($\eta_{p}^{2}$) for each measure of holistic processing for each subsample analyzed in Experiment 2.

  Measure             Sample      Mean 1       Mean 2        $\eta_{p}^{2}$   *p*
  ------------------- ----------- ------------ ------------- ---------------- ----------
  VHPT-F                          Congruent    Incongruent                    
                                                                              
                      Male        71.80        50.61         0.81             \<0.001
                      Female      72.88        52.86         0.81             \<0.001
                      ≤45 years   71.06        52.12         0.79             \<0.001
                                                                              
  Congruency effect               Congruent    Incongruent                    
                                                                              
                      Male        2.17         1.60          0.49             \<0.001
                      Female      2.28         1.63          0.63             \<0.001
                      ≤45 years   2.25         1.59          0.62             \<0.001
                                                                              
  Alignment effect                Misaligned   Aligned                        
                                                                              
                      Male        73.16        79.47         0.19             0.002^∗^
                      Female      73.76        79.23         0.10             0.010^∗^
                      ≤45 years   72.95        78.30         0.10             0.002^∗^
                                                                              

Means show accuracy (%) for the VHPT-F and Alignment Effect, and d' for the Congruency Effect. Note that for each measure holistic processing is indexed by higher performance in the Mean 1 vs. Mean 2 condition.

∗

significant but in the opposite direction than theoretically predicted.

Discussion
----------

The correlation between holistic processing in the composite task and the VHPT-F found in Experiment 1 did not replicate in Experiment 2, although the correlations were small in both experiments (Experiment 1 = 0.27, Experiment 2 = 0.16) and the difference between them is not significant (*z* = -0.9, *p* = 0.37). The samples differed in age and sex distributions, and when we restricted our sample to be more similar to Experiment 1, the results replicated. This suggests that there may be subject properties that mediate performance in these measures, particularly the VHPT-F. In a prior report, the VHPT-F showed a particularly large holistic processing effect in women older than 45 \[relative to younger women and to men regardless of age ([@B24])\]. Neither that sex effect nor the present one were expected, nor are they similar. While it is difficult to explain the sex effect, the age effect could be due to a selection confound, whereby the older people who participate on AMT may be a particularly motivated or high-performing subset. The correlation between the VHPT-F and age was not found Experiment 1, and was numerically smaller in a previous study (*r*~221~ = 0.19, [@B24]). However, the proportion of participants older than 45 years was larger in Experiment 2 (24%) than in these previous studies (16% in Experiment 1, 20% in [@B24]). Prior work does show a number of interactions between face characteristics and the demographics of the population tested ([@B14]; [@B45]; [@B44]; [@B49]). More work is needed to determine whether this age effect in the VHPT-F is driven by a true change in cognitive ability, a selection bias in older adults, or whether there is no more than a spurious restriction of range in the present sample.

On average, we observed a reverse alignment effect (better performance in aligned than misaligned trials). This replicates findings in a study (*n* = 101) that also measured the alignment effect (hit rate for same-incongruent trials) in the context of the composite design used to measure congruency effects (complete design) with different face stimuli and a larger set of face parts ([@B30]). A meta-analysis of the alignment effect in 28 studies that used the complete composite task found the effect to be small ($\eta_{p}^{2}$ = 0.14, 95% CI: 0.07, 0.22) and the effect to be significant in only 25% of the studies ([@B27]). Whether this is true only when the alignment effect is measured in the context of the complete design, suggesting it is highly sensitive to context, or whether the report of alignment effects has been overestimated due to publication bias, we do not know.

With regards to individual differences in the alignment effect, its correlation with the congruency effect was consistent regardless of sample, although it may be somewhat inflated compared to the correlations with the VHPT-F because the two measures were derived from the same dataset. Indeed, this is suggested by the fact that the alignment effect did not correlate with the VHPT-F in either the full sample, or when we restricted the sample based on age. These results are consistent with prior suggestions that the alignment effect lacks validity ([@B5]; [@B22],[@B23],[@B28]).

General Discussion
==================

Here, we validated the VHPT-F by demonstrating that it correlates with another measure of holistic processing based on the same operational definition, the composite task. Admittedly, this correlation was quite small because the standard composite task measure comes with a lot of measurement noise and is generally ill-suited for individual differences. When a measure has low reliability, it limits how it can correlate with other measures, even if they are more reliable. Ideally, we would have followed the approach taken in fields like intelligence, where new tests are compared and validated against other established tests. Unfortunately, the reality is that there is not another measure of holistic processing that has been designed for the purpose of measuring individual differences, so there is no test with established validity and reliability to validate against. While, we could have used another standard measure from group studies, such as the part-whole task, there is little evidence that different operational definitions of holistic processing should tap into the same construct, as they may reflect different co-occurring but independent mechanisms ([@B29]). Another approach would be to use a measure of face recognition or inversion effects to validate the VHPT-F. But, recent evidence suggests that while holistic processing is routinely observed for faces but not objects in novices (e.g., [@B9]; [@B28]), it does not relate to face recognition performance ([@B25]), which is instead predicted by performance with parts ([@B33]; Sunday et al., in submission), and whether upright and inverted faces rely on qualitatively different mechanisms is debated (e.g., [@B32] vs. [@B28]). Indeed, trying to find a way to validate the VHPT-F reveals how little, we truly know about holistic processing, but it is exactly these kinds of questions that motivated us to pursue creation of reliable measures in the first place.

Our results lead to the following conclusions. The alignment effect in the composite task lacks validity as a measure of holistic processing. The congruency effect in the composite task is more stable in its average effects, and when faces are repeated (as in the versions of the composite task used here) it produces measurements that are more reliable than with large sets of face parts ([@B25]; [@B30]). For the purpose of validating the VHPT-F, it was justifiable to use a few face version of the composite task because (1) we absolutely needed some reliability, and (2) the VHPT-F does not have stimulus repetition, so this could not inflate observed correlations between them (see [@B25]), although admittedly face repetition may have added noise to the composite task measure that ultimately reduced correlations with other measures. But, for future work, we advocate the use of the VHPT-F that achieves similar levels of reliability (0.5--0.6) without repeating faces. This is important to ensure that in future work correlations with holistic processing are not due to face learning or other factors related to stimulus repetition (see [@B25]). We provided evidence that the VHPT-F measures the same sort of holistic processing that is measured in the standard composite task, despite a number of procedural differences. Future studies with much larger samples with the VHPT-F will be needed to establish useful age and sex norms.

Author Contributions
====================

C-CW and JR contributed to the design and study concept. All authors contributed to collect the data, the data analysis, and interpretation. JR drafted the early manuscript, and C-CW provided the revised version. DR and IG provided critical comments. IG replied to the reviewers.

Conflict of Interest Statement
==============================

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

This work was supported by NSF (Grant SBE-0542013) and the Vanderbilt Vision Research Center (Grant P30-EY008126). C-CW would like to express his sincere appreciation to his advisor in Taiwan, Dr. Gary C.-W. Shyi, for his guidance, encouragement and continuous support and his project was supported by the National Science Council in Taiwan (Grant NSC102-2917-I-194-004).

Only male participants were recruited because prior work showed that car and face processing were differentially related in men and women ([@B15]).

Due to a programming error, data from 1 congruent to 5 incongruent trials were excluded from the analyses.

The face images used in this part have been provided by the Computer Vision Laboratory, University of Ljubljana, Slovenia (<http://www.lrv.fri.uni-lj.si/facedb.html>).

This view was chosen because the stimuli were created for a separate project in which car composites were also used. In pilot work for that project, these faces produced a clear composite effect as typically obtained with front-view images. Prior work with a different version of the composite task also found the same effect for front, profile, and three-quarter views ([@B16]).

Note that even though raw correlations are identical, disattenuated correlations differ because of differences in reliability for top and bottom trials.

The raw correlation for holistic processing on top and bottom composite task trials was numerically smaller than the correlation between holistic processing in the composite task and VHPT-F. However, the disattenuated correlation was larger due to the lower reliability of bottom trials.

When misaligned trials are included in the composite task, holistic processing can be indexed by regressing out the congruency effect misaligned trials from the congruency effect on aligned trials (e.g., [@B7]). However, previous work has shown very little shared variance between congruency effects on aligned and misaligned trials, such that using the regression measure generally produces highly similar results to the congruency effect on aligned trials only ([@B24], [@B25]). Indeed, here the regression measure and congruency effect on aligned trials only are almost perfectly correlated (*r*~115~ = 0.94, *p* \< 0.001). Therefore, for simplicity and consistency with Experiment 1, we used the congruency effect on aligned trials only as the congruency effect composite task measure.

Disattenuated correlations in the analyses with restricted samples use the reliability estimate from the largest possible sample, we have (**Table [2](#T2){ref-type="table"}**).
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